governing proteolysis presents an highly appropriate control mechanism. Amidotransferase is marked for degradation by another control mechanism, but its actual proteolysis appears to be stimulated by nutrient starvation via guanosine 3'-diphosphate 5'-di-or -tri-phosphate. Finally, endoproteolytic fragments are rapidly degraded to amino acids by peptidases. A number of peptidases are known in Bacillus (Maurizi & Switzer, Citrate is abundant in Nature; it occurs in many plants, in milk and in bones, and it is therefore not surprising that many bacterial species are capable of utilizing it for growth. Specific transport systems are present in these organisms for citrate.
Special enzymes for citrate breakdown do not have to be formed by aerobic micro-organisms, because they contain the enzymes of the tricarboxylic acid cycle, which proceeds via citrate. The situation is different in anaerobes. A complete tricarboxylic acid cycle usually does not occur in these organisms. Moreover, for reasons of redox balance an oxidation of citrate via the reactions of this cycle is not feasible. Anaerobes therefore contain a special reaction sequence which results in the formation of pyruvate, acetate and CO, from citrate and which consists of the citrate lyase (1) and oxaloacetate decarboxylase (2) reactions:
Citrate =oxaloacetate 
Enzyme-S-citroyl -Enzyme-S-acetyl + oxaloacetate (4)
As pointed out by Buckel et al. (197 1 a) . citrate is first activated in a transferase reaction on the enzyme and then cleaved in such a way that the S-acetyl form of the enzyme is regenerated. The molecular weight and the subunit composition of citrate lyase from various bacterial sources has been determined (Bowen & Mortimer. 1971 Citrate lyase (SH) + 6 acetate + 6 ATP -(5) More recently, a citrate lyase/citrate lyase ligase complex was purified from R. gelatinosa and crystallized . The ligase, which has a molecular weight of 41000, is labile, but can be stabilized by IOmM-ADP: it is very citrate lyase (S-acetyl) + 6 AMP + 6 PP, specific with respect to the source of citrate lyase. In addition to lyase from R . gelatinosa, the ligase will acetylate lyase from R . palustris, but not lyase from E. aerogenes, S. diacetilactis or Clostridium sphenoides.
Under which conditions is citrate lyase ligase of R . gelatinosa active? In uitro, the three substrates (citrate lyase SH form, ATP and acetate) and ADP as stabilizing agent are required. In uiuo, the ligase is present either in an active or in an inactive form, the actual difference between these forms being still unknown (Antranikian et al., 1978) . Cells of R. gelatinosa grown on citrate, washed, resuspended in buffer and incubated under anaerobic conditions in the light contain inactive ligase and inactive lyase. Addition of citrate results in a rapid activation of ligase, which subsequently activates citrate lyase by acetylation (Antranikian et al., 1978) . These activations are reversed at low concentrations of citrate. The actual signal that brings about the changes of ligase activity is unknown, but it must be connected to the intracellular concentration of citrate.
The inactivation of citrate lyase of R . gelatinosa is catalysed by a deacetylase:
The enzyme has also been purified to homogeneity (Giffhorn et al., 1980) . It is a small protein (molecular weight 14300) and is again highly specific with respect to the source of citrate lyase.
The enzymes from S. diacetilactis or E. aerogenes are not inactivated by the deacetylase of R . gelatinosa. Citrate lyase deacetylase is synthesized along with citrate lyase. It is therefore also present in cells actively metabolizing citrate. How is its activity regulated? It is regulated by the intracellular concentration of L-glutamate. Determinations of the pool size of L-glutamate in R . gelatinosa have shown that it is lOmM in the presence of substrate amounts of citrate and that it decreases to approx. 2 . 7 m~ when citrate is totally consumed (Giffhorn et al., 1980) . Therefore, the intracellular L-glutamate concentration can be used as a signal for the availability of citrate. A high L-glutamate concentration signals that citrate can be cleaved to oxaloacetate and acetate. Low concentration indicates that all the citrate has to be used for L-glutamate biosynthesis.
Citrate lyase deacetylase activity is strongly inhibited by L-glutamate: half-maximal inhibition is observed at a concentration of 0.75 mM. The K i value is 0 . 1 2 m~. In order to evaluate the regulatory significance of the decrease of the L-glutamate concentration from 10 to 2.7 mM, homogeneous citrate lyase and citrate lyase deacetylase were added to a buffer solution in a specific ratio and up to concentrations found in cells of R. gelafinosa. The decrease of citrate lyase activity was then monitored in the presence of 10 or 2.7m~-~-glutamate. After 1 h of incubation at 3OoC with IOmM-L-glutamate. 71% of the original citrate lyase activity was still present. Only 5.2% was left in the presence of 2.7 m~-~-glutamate. This demonstrates that the intracellular concentration of L-glutamate is a physiologically useful signal for the regulation of citrate lyase deacetylase activity.
The experiments described show clearly that citrate lyase activity in R . gelatinosa is regulated by acetylation and deacetylation and that the intracellular L-glutamate concentration is used as a signal for the control of one of the regulatory enzymes (Fig. I ). An analogous regulatory system is present in R . palustris (Giffhorn & Kuhn, 1980 : Giffhorn et al.. 1981 . In Enterobacfer aerogenes citrate lyase is also rapidly inactivated by deacetylation, but a deacetylase activity could not be demonstrated in cell extracts. Evidence has been obtained that. in this organism, electron transport to oxygen or nitrate is required for deacetylation (Kulla & Gottschalk. 1977) .
Recently the regulation of citrate lyase in C. sphenoides has been studied. In this organism the inactivation of citrate lyase is not accomplished by deacetylation. The enzyme requires L-glutamate for activity. Changes in the intracellular concentration of L-glutamate therefore directly regulate citrate lyase activity (Walther, 1977 .
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in the press 307-328 1981, 1982) . This result has been confirmed by others (Miiller & Holzer, 1981) . Nothing is known, however, of the signal that triggers phosphorylation. To gain some insight on this point, the conditions in which the rapid inactivation occurs have been studied. The action of other agents on inactivation and phosphorylation has also been explored. Some kinetic characteristics of the active and inactivated forms of FBPase have been compared.
Rapid inactivation of FBPase in yeast grown on direrent media
The rapid inactivation of FBPase reported by Lenz & Holzer (1980) was observed in yeast grown on a rich medium with glucose. Since we had never observed such inactivation in yeast Abbreviation : FBPase, fructose bisphosphatase (EC 3.1.3.1 1). Table I . Rapid inactivation of FBPase from S . cerevisiae grown on direrent media S . cerevisiae X2180 was grown on the nitrogen and carbon sources indicated. When glucose was used, cells were harvested in late stationary phase to allow derepression of FBPase. Inactivation was triggered by adding glucose (final concn. 2%. w/v) to a 2% suspension of the yeast in 0.1 M-4-morpholineethanesulphonic acid, pH 6, and 3 min after the addition of glucose the cells were harvested and activity was measured. The values are means for at least two different cultures.
Nitrogen < 10 -grown on a mineral medium with ethanol, we suspected that differences in experimental conditions could account for the discrepancy. To test this idea, the rapid inactivation was measured in yeast grown on several media with both the nitrogen and the carbon sources varied. As shown in Table 1 , inactivation occurred to about the same extent with glutamate, urea or peptone as nitrogen sources independently of the carbon source used. However, growth on NH,Cl/ethanol resulted in a marked decrease in the extent of the rapid inactivation. It was not possible to test the inactivation in NH,Cl/glucose medium because derepression of FBPase was very poor in these conditions. It may be concluded that the enzymic equipment involved in the inactivation process, or FBPase itself, is changed by the growth conditions. It appears that the regulation of an enzyme of carbon metabolism may be affected by the nitrogen metabolism.
Effect of uncouplers on the inactivation
To test if FBPase inactivation was energy-dependent, the effect of several inhibitors of energy production was tested: 2,4-dinitrophenol, carbonyl cyanide m-chlorophenylhydrazone and cyanide did not interfere with the glucose-induced inactivation. Unexpectedly, control experiments showed that uncouplers could trigger FBPase inactivation, in the absence of glucose. As with glucose, inactivation was accompanied by phosphorylation of the enzyme. Since these compounds also de-energize the plasma membrane, it can be considered that phosphorylation is mediated by some signal at the level of the yeast membrane.
Parallelism between inactivation and phosphorylation
The correlation observed between inactivation and phosphorylation of FBPase suggests that the phosphorylated FBPase is less active than the non-phosphorylated enzyme, although it does not prove it. It has been found, for instance, that in liver glucagon produces both phosphorylation and inactivation of phosphofructokinase, but that inactivation is caused not by phosphorylation itself but by removal of a positive effector, fructose 2,6-bisphosphate (Van Schaftingen et al..
1980)
. To see if the decrease in FBPase activity could be due to the formation of an inhibitor (or removal of an activator). the extracts were passed through Sephadex G-25. No changes in activity were observed. That would mean that phosphorylation itself is responsible for the change in activity or alternatively that the postulated inhibitor or inhibitors are very tightly bound to the phosphorylated enzyme.
An attempt has also been made to correlate FBPase activity with its degree of phosphorylation. Inactivated enzyme can be reactivated in vitro by incubation in the presence of Mg2+ ions (Mazon et al., 1982) . Re-activation and dephosphorylation were followed with time, as shown in Fig. 1 . It was observed that re-activation was already complete after 2 h, when the enzyme still retained about 40% of its initial radioactivity. Similar observations have been made for other phosphorylated enzymes (Beg ef al., 1978) , and could indicate that at least some of the
